In vitro studies have reported high intracellular chloride levels, depolarizing and potentially excitatory 13 actions of GABA in various pathological conditions. Consequently, great expectations are now pinned 14 on drugs potentially restoring low 
Introduction 26
GABAergic inhibition relies on ionotropic GABA-A and metabotropic GABA-B receptors. The fast 27 and time-locked inhibition considered essential for neuronal coding is the one mediated by GABA-A 28 receptors (GABA-A R), permeable to chloride ions (Cl . In vitro experiments have suggested that defective function of the K-Cl co-35 transporter KCC2, that would normally extrude Cl -from the cell, was responsible for a reversed polarity 36 of GABAergic synaptic transmission from inhibitory to excitatory, participating in epileptogenesis in 37 animal models [10] [11] [12] [13] [14] [15] [16] [17] as well as in human tissue resected from epileptic patients [18] [19] [20] . But one major 38 difficulty in the study of GABAergic inhibition is to avoid artefactual interference with the native Cl . But previous work has also 44 demonstrated that Cl -gradient can be affected by the slicing procedure 22, 23 , questioning the claims 45 for excitatory GABAergic transmission based on in vitro recordings 23 . 46 In vivo treatment with the diuretic bumetanide, which also reduces the accumulation of Cl -ions 47 in neurons through the inhibition of the Cl -intruder NKCC1, was found to reduce behavioural 48 abnormalities in rat and mouse models of Autism Spectrum Disorders 5 and seizures in animal models 49 of epilepsy [24] [25] [26] [27] [28] . But bumetanide has a limited bio-availability in the brain due to poor blood brain 50 barrier penetration [29] [30] [31] , and it is finally unclear if its action in vivo was indeed due to the restoration of 51 neuronal Cl -gradient and inhibitory GABAergic transmission. 52
Direct investigation of the polarity of GABAergic transmission in vivo puts serious constraints in 53 terms of experimental access, and the evaluation of synaptic responses to GABA-A R activation is 54 challenging. Adapting to in vivo conditions the extracellular recording of unitary GABAergic 55 postsynaptic potentials (field IPSPs) previously described in vitro [32] [33] [34] , we could evaluate the polarity of 56 perisomatic GABAergic signaling in the intact brain. As an exemple application, we now report the first 57 direct evidence for depolarizing actions of perisomatic GABAergic transmission and time-locked 58 excitation of CA3 pyramidal neurons in acute and chronic mouse models of epilepsy. We believe that 59 this demonstration will pave the way for the investigation of Cl -homeostasis and inhibitory function in 60 vivo, in physiological conditions and in situations in which alteration or even reversal of GABAergic 61 transmission is hypothesized to occur. It also constitutes an invaluable tool to quantify the actual in 62 vivo efficacy of drugs designed to modulate Cl -homeostasis and restore physiological GABAergic 63 inhibition, thereby meeting high clinical and therapeutical expectations. Even though pharmacogenetic silencing of PV interneurons in the anesthetized mouse did not 120 increase the global firing rate of the CA3 pyramidal cell population (Fig. 3h, 1.19±2 .72Hz in control vs 121 0.96±1.04Hz in PSEM-89S, n=5 mice, NS, two-sided Wilcoxon Mann-Whitney Test), it did affect 122 individual cells firing. As illustrated in Supplementary Fig. 2 , the correlation coefficient between 123 individual cells firing rates in consecutive epochs of 10min indicated a remarkable stability, both in 124 baseline (r=0.987, p<0.001) and after PV interneuron silencing (r=0.79, p<0.001). On the other hand, 125 as illustrated in Fig. 3i , the firing rates before vs after PSEM-89S were hardly correlated (r=0.38, 126 p<0.05), indicating that PV interneuron silencing induced a redistribution of firing rates among 127 pyramidal neurons within the CA3 circuit. 128
Depolarizing and excitatory perisomatic GABAergic transmission in acute seizures in the drug-free 130

mouse. 131
The reversal potential of Cl-mediated GABAergic currents (E-GABA) is controlled by the passive 132 movement and active transport of Cl-through various ionic channels and transporters in the plasma 133 membrane. During spontaneous activity, Cl -ions flowing through GABA-A channels tend to shift the 134 reversal potential of GABAergic currents toward membrane potential. E-GABA is therefore a very 135 dynamic process that depends on ongoing fluctuations of membrane potential and GABAergic 136 conductances. During seizures, GABA is massively released by interneurons while pyramidal cells are 137 depolarized, therefore getting loaded with Cl -until extrusion mechanisms restore an hyperpolarizing 138 Cl -gradient. It is therefore expected that due to the time course of Cl -extrusion, high Cl -load and 139 excitatory GABA might participate in a deficit of inhibition immediately after a seizure 16, 35 . However, 140 the time dynamics of Cl -balance through intrusion and extrusion systems that has been studied in vitro 141 largely remains to be characterized in vivo. As illustrated in another model of epilepsy has suggested that reversed (excitatory) GABAergic transmission might be 166 involved in the transition between acute seizures and chronic epilepsy 11, 14, 27 . This condition is of high 167 clinical relevance because incident occurrence of isolated seizures in human is known to be a main 168 factor for the development of chronic epilepsy after a latent period that can last from months to 169 several years 36 . Identifying the cellular mechanisms responsible for this transition would therefore 170 potentially offer opportunities for preventive treatment against epilepsy. 171
We have evaluated the dynamics of perisomatic inhibition in the CA3 hippocampal region of 172 anesthetized KA-treated mice during the latent period, one week after KA injection in the contralateral 173 hippocampus 37 . Interictal discharges were present in all KA-treated mice, but in none of the control 174 animals ( Supplementary Fig. 3 ). Among all identified fIPSPs, none appeared of reversed polarity, 175 whether in control or in KA-treated mice, suggesting that GABAergic transmission remained globally 176 hyperpolarizing at the network level. Nevertheless, because the polarity of fIPSPs represents the 177 average response of all the local pyramidal targets of the discharging presynaptic interneuron(s), the 178 possibility remained that a subpopulation of pyramidal cells might be depolarized or even excited by 179
GABAergic transmission in spite of a globally hyperpolarizing fIPSP population response. We therefore 180 , we provide direct evidence that in vivo fIPSPs originate mostly from PV 231 interneurons, because they were elicited by the optogenetic activation of PV interneuronal firing, and 232 largely eliminated by the pharmacogenetic inhibition of PV interneuronal firing. Perisomatic inhibitionis considered to be functionally optimal for the control of neuronal discharge, with synapses 234 strategically located on the soma and close to the site of action potential initiation 47, 48 . Data availability. The data shown in the paper will be made available upon reasonable request to the 300 corresponding author. 301
Code availability. The custom code used for analysis will be made available upon reasonable request 302 to the corresponding author. 303
